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Approximately one-third of the US population has elevations in circulating triglyceride levels [1, 2] . Most of these elevations are mild to moderate in nature, and the pathophysiology involves hepatic overproduction of very low-density lipoproteins (VLDLs), the principal triglyceride-carrying lipoprotein circulating in the fasting state [3, 4] . A subset of patients have "very severe hypertriglyceridemia," defined by the Endocrine Society as serum triglyceride concentration $2000 mg/dL (22.6 mmol/L) [5] . In addition to VLDL overproduction, the pathophysiology of very severe hypertriglyceridemia involves defective triglyceride clearance due to either saturation or dysfunction of the enzyme lipoprotein lipase (LPL), resulting in accumulation of chylomicrons and VLDLs [3, 6, 7] .
Very severe hypertriglyceridemia is associated with either primary (genetic) causes or secondary conditions. Primary causes of very severe hypertriglyceridemia involve biallelic mutations in LPL, apolipoprotein C2 (APOC2), lipase maturation factor 1 (LMF1), apolipoprotein 5 (APOA5), and glycosylphosphatidylinositol-anchored high-density lipoproteinbinding protein 1 (GPIHBP1); patients with pathogenic mutations in these genes are referred to as having familial chylomicronemia syndrome or type 1 hyperlipoproteinemia [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Secondary associated conditions include a long list of possibilities, such as uncontrolled diabetes mellitus, nephrotic syndrome, excessive alcohol use, polygenic causes, and medication use (e.g., protease inhibitors, vitamin A derivatives, L-asparaginase, and estrogen) [4, [19] [20] [21] [22] .
Very severe hypertriglyceridemia can manifest with eruptive xanthomas, lipemia retinalis, hepatosplenomegaly, and lipemic plasma. The lipemia can interfere with measurements of some serum analysts. Most concerning, however, very severe hypertriglyceridemia predisposes patients to attacks of acute pancreatitis [23] [24] [25] , a serious condition that can be complicated by multiorgan failure, pancreatic necrosis, and mortality rates as high as 20% [26, 27] . Fortunately, acute pancreatitis episodes can be prevented by reducing serum triglyceride levels below 1000 mg/dL (11.3 mmol/L) by addressing associated secondary causes along with a combination of low-fat diet, fibrates, and very long-chain omega-3 fatty acids from fish oils [20, 23] .
In multiethnic populations, as in the United States, few prior investigations have reported clinical characteristics or management of very severe hypertriglyceridemia [21, 28] . To address these issues, we sought to study patient characteristics, such as conditions associated with secondary hypertriglyceridemia and the burden of acute pancreatitis, as well as clinical management patterns in patients with very severe hypertriglyceridemia in a large communitybased health care system.
Methods
The study was approved by the institutional review board of University of Texas Southwestern Medical Center. We performed a retrospective observational study by querying electronic medical records (EMRs) at Parkland Health and Hospital Systems, a county hospital providing both inpatient and outpatient care for indigent populations of Dallas, Texas, for all serum lipid measurements in the year 2016. Parkland Hospital is part of the public community health system in Dallas and has an average of .1 million patient visits per year. It has 870 patient beds, and in 2016, it had 74,394 total hospital discharges; 1,080,668 outpatient visits; and 258,047 emergency visits (www.parklandhospital.com/phhs/parklandsstatistics.aspx). In 2016, Hispanic patients were the largest ethnic/racial group seen in the system, compromising 51% of the total system population.
The results of the EMR query were filtered for patients with at least one single measurement of triglyceride levels $2000 mg/dL (22.6 mmol/L). In the case of patients with multiple triglyceride measurements $2000 mg/dL, the first instance was used as an index date for further data collection. For patients with very severe hypertriglyceridemia, we performed a retrospective review of EMRs to extract data on demographics, underlying causes, lipid-lowering therapy, and follow-up. Heavy alcohol use was defined as binge drinking on 5 or more days in the past month per the Substance Abuse and Mental Health Services Administration of the US Department of Health & Human Services (www.samhsa.gov).
A. Statistical Methods
Categorical variables were reported as percentages and continuous variables as means 6 SD or median (25th to 75th percentile) depending on their distributions. Triglycerides were right censored at 4425 mg/dL, the upper limit at which the hospital laboratory reports triglyceride results. The median for triglyceride levels was based on patients with triglyceride levels #4425 mg/dL. Comparisons between those with and without acute pancreatitis were made using the Fisher exact test for categorical variables and the t test for Gaussiandistributed continuous variables or the Wilcoxon rank sum test for non-Gaussian-distributed continuous variables. A logistic regression model was constructed to predict a patient's acute pancreatic risk using independent variables of categorized age (,30, 30 to 39, 40 to 49, 50 to 59, and $60 years in five groups), race (white vs other races), alcohol status, hypertension, categorized body mass index (BMI; ,25, 25 to 29, and $30 kg/m 2 in three groups), and categorized serum triglyceride level in three groups (,3000, 3000 to 4425, and .4425 mg/dL). A two-sided P value ,0.05 was considered statistically significant. SAS 9.4 (SAS Institute, Cary, NC) was used in the data analysis.
Results

A. Patient Characteristics
There were 95,836 lipid measurements (71,495 unique patients) in 2016 in the Parkland Health and Hospital System. Of these, 164 serum triglyceride measurements were $2000 mg/dL (22.6 mmol/L) from 103 unique patients (0.14% of total unique patients; 32 women, 71 men) ( Table 1 ). These patients were predominantly Hispanic (n 5 78; 79%), with a high prevalence of diabetes mellitus (76%), hypertension (49%), and obesity (51%, defined as BMI $30 kg/m 2 ).
B. Lipid Levels
Median serum triglyceride level was 3043 mg/dL (range, 2027 to .4425 mg/dL), and total cholesterol level was 444 mg/dL (range, 373 to 598 mg/dL). High-density lipoprotein cholesterol (HDL-C) level was not reported in 93% of patients (per the Parkland laboratory, the HDL-C assay is a homogeneous enzymatic colorimetric test and is not accurate when triglyceride levels are .1200 mg/dL because of false-positive results and the contribution of non-HDL-C in the measurement; in the patients with available HDL-C levels, the median interquartile range (IQR) level was 31 (25, 38) 
Among all patients with very severe hypertriglyceridemia, 26 had serum triglyceride levels above the limit reported by the hospital laboratory (.4425 mg/dL); their total cholesterol level [median (IQR)] was 642 (619, 824) mg/dL, and their average age was 39 years; 21 patients (80%) were Hispanic, and 17 (65%) were male. Of the patients with an index serum triglyceride level .4425 mg/dL, 20 (76%) were admitted to the hospital; of these, 18 (69%) had acute pancreatitis, eight of whom required admission to the intensive care unit (ICU).
C. Presentation and Characteristics of Inpatients
Of patients with an index serum triglyceride measurement $2000 mg/dL (22.6 mmol/L), 42% of the measurements were obtained during outpatient visits, whereas 58% were obtained during hospitalization. Of the hospitalized patients, acute pancreatitis was diagnosed in 39 (38%); 22 (21%) were admitted for diabetic ketoacidosis (DKA), 19 of whom had type 2 diabetes mellitus and three of whom had type 1 diabetes mellitus; 16 (16%) required ICU admission; and seven received plasmapheresis as part of their treatment. An inpatient endocrinology consult was requested in 32 cases (31%), mostly to address whether plasmapheresis should be initiated. Three patients' medical records documented eruptive xanthomas, and none documented lipemia retinalis.
Of the seven patients who received plasmapheresis, the mean age was 47 years, six were Hispanic, the mean BMI was 33 kg/m 2 , all had type 2 diabetes mellitus, three presented with DKA, one had newly diagnosed type 2 diabetes mellitus, six were admitted to the ICU, three had serum triglyceride levels above the detectable limit, and the remainder had serum triglyceride levels of 2800 to 4124 mg/dL upon admission. At the time of discharge, their serum triglyceride levels ranged from 366 to 2629 mg/dL.
D. Patients With Acute Pancreatitis
For the 39 patients with acute pancreatitis as diagnosed by inpatient primary teams, 34 (87%) were Hispanic and the average age was 40 years (range: 20 to 64 years). The median (IQR) serum triglyceride level was 3003 (2602, 3675) mg/dL. In this subset of patients, 14 (35%) presented with DKA, most 29 (74%) had type 2 diabetes mellitus, and the average BMI was 30 kg/m 2 (range: 21 to 39.8 kg/m 2 ). All had evidence of acute pancreatitis on imaging studies; four patients (15%) had evidence of pancreatic necrosis, 23 (88%) had inflammation, and two (8%) had calcifications. Twenty-three patients (59%) had more than one serum triglyceride measurement .1000 mg/dL in the EMR, either before or after hospital admission. Most had more than one episode of pancreatitis (Table 2) .
One patient died during admission for hypertriglyceridemia-induced acute pancreatitis, a 64-year-old woman with a medical history of type 2 diabetes mellitus, hypothyroidism, hypertriglyceridemia, hypertension, and chronic obstructive pulmonary disease who was admitted to the ICU for acute pancreatitis due to hypertriglyceridemia (serum triglycerides 2800 mg/dL or 31.6 nmol/L) as well as DKA (hemoglobin A1c value of 17.4%) and non-ST elevation myocardial infarction. Her hospital course was complicated by respiratory failure (acute respiratory distress syndrome) requiring intubation, hypotension requiring pressor support, and metabolic acidosis requiring continuous renal replacement therapy. She was treated with an insulin-glucose infusion as well as plasmapheresis, which reduced her serum triglyceride level to 1037 mg/dL. After a prolonged hospital course with minimal improvement, she transitioned to comfort care measures and eventually died of hypoxia, bradycardia, and cardiac arrest. Table 1 describes the baseline characteristics for patients with acute pancreatitis and for those without pancreatitis. The subgroup with pancreatitis was 3 years younger, had higher serum triglyceride and total cholesterol levels, and a higher prevalence of serum triglycerides above the detectable level (.4425 mg/dL; n 5 17; 65%). No significant differences were seen in ethnic/racial demographics and BMI. Regarding signs and symptoms, patients with pancreatitis experienced nausea, vomiting, and abdominal pain more commonly than patients without pancreatitis (Table 3 ). In logistic regression models, only triglyceride level reached statistical significance as a risk factor for pancreatitis (Fig. 1 ).
E. Pancreatitis vs No Pancreatitis
F. Conditions Associated With Very Severe Hypertriglyceridemia
Major conditions associated with very severe hypertriglyceridemia included uncontrolled diabetes mellitus (n 5 78), heavy alcohol use (n 5 11), medication use (n 5 7; 5 taking HIV-1 protease inhibitors and 2 taking estrogen), uncontrolled hypothyroidism (n 5 2), and kidney disease (focal segmental glomerulosclerosis, n 5 1). Many patients had overlapping conditions associated with very severe hypertriglyceridemia (Fig. 2) . For the 78 patients with diabetes (31% female, 69% male), the mean hemoglobin A1c value around the time of the index measurement was 11.2%. Three patients (4%) had type 1 diabetes mellitus, and 75 patients (96%) had type 2 diabetes mellitus. Eighteen patients had information about duration of diabetes in the EMR: average age at diagnosis was 39 years (range: 7 to 52 years), and average duration was 4.6 years (range: 0 to 16 years). Other symptoms include polydipsia and polyuria (n 5 8), altered mental status (n 5 3), dizziness (n 5 3), fatigue (n 5 2), palpitations (n 5 2), fever (n 5 1), diarrhea (n 5 1), myalgias (n 5 1), headache (n 5 1), and rash (n 5 1).
Two patients were known to have monogenic causes of hypertriglyceridemia [29] (no other patients had genetic testing information available). As previously reported [29] , one patient harbored biallelic mutations in GCKR. The other patient had novel homozygous LPL p.(Ile22IAsn) (c.662T.A) mutation.
G. Medications
At the time of the index measurement of triglycerides $2000 mg/dL (22.6 mmol/L), 43% of patients were not taking any triglyceride-lowering medication, 38% were taking a statin, 45% were taking a fibrate, and 25% were taking fish oil supplements. After an index measurement of triglycerides $2000 mg/dL, the use of statins increased by 31%, use of fibrate by 68%, and use of fish oil by 80% (Fig. 3) . Before detection of elevated triglyceride levels, 43% of patients were taking one or two lipid-lowering medications, and 14% were taking three different lipid-lowering medications. After the index measurement, the proportion of patients taking one or two medications increased by 44%, and the proportion taking three medications increased by 18% (Fig. 4) .
H. Follow-Up
Seventy percent of the patients attended a clinic visit after the index measurement of serum triglyceride levels $2000 mg/dL (22.6 mmol/L). Health care providers addressed hypertriglyceridemia in only 50% of these follow-up visits, and serum triglyceride levels were remeasured in only 18%. Although 45% of patients (n 5 46) were referred to a specialty lipid clinic, only one-third of referred patients (n 5 33 of 103) were eventually seen there.
Discussion
We found very severe hypertriglyceridemia to be quite prevalent (;0.1% of all lipid measurements) in our large county health care system, especially in Hispanic men. Most cases were associated with uncontrolled diabetes, and almost 40% of patients presented with acute pancreatitis. On follow-up, several gaps in care emerged. Hypertriglyceridemia was addressed in only 50% of follow-up visits, triglyceride concentration was rechecked in only 18% of follow-up visits, and few patients were eventually seen in the lipid specialty clinic.
Few prior studies characterized multiethnic cohorts of adult patients with severe elevations in triglyceride levels. Previous publications had few patients with triglyceride levels $2000 mg/dL (22.6 mmol/L) [2] or lacked data on ethnicity/race and underlying causes of hypertriglyceridemia. In the US National Health and Nutrition Examination Survey (NHANES) multiethnic population, 0.4% of the population-based cohort had serum triglyceride levels .1000 mg/dL [2] . However, only three patients with triglyceride levels $2000 mg/dL were identified, and no description of underlying causes was available [30] . Toth et al. [25] identified a US cohort of 1964 patients with serum triglyceride levels .1500 mg/dL. Unfortunately, because of the nature of the data (secondary data from administrative claims data repositories), no information was available on key patient characteristics such as race/ethnicity, BMI, and-perhaps most importantly-associated causes of hypertriglyceridemia. Outside the United States, a study from Norway identified 862 patients with serum triglyceride levels .885 mg/dL among 681,990 participants across three population-based studies [31] . Unfortunately, limited data on underlying causes of hypertriglyceridemia were available. A study from Denmark that included 108,711 individuals from the Copenhagen General Population Study reported findings resembling ours, in that type 2 diabetes mellitus and obesity were the top risk factors identified [32] .
Concerning underlying causes of very severe hypertriglyceridemia, our data resemble that of prior publications [19, 24, [33] [34] [35] . Most recently, Patni et al. [36] found that in children with very severe hypertriglyceridemia, the most common associated factor was uncontrolled diabetes (31%) followed by L-asparaginase and high-dose steroid use for children with acute lymphoblastic leukemia (28%). Fourteen percent were known to have monogenic causes (type 1 hyperlipoproteinemia). Another US study found that among patients with hypertriglyceridemiainduced pancreatitis (mean triglyceride levels, 4587 mg/dL), 72% had diabetes and 23% had heavy alcohol use; no monogenic cases were mentioned [24] . In a study from Japan (n 5 251 with triglyceride levels .1000 mg/dL), most patients (59%) had hypertriglyceridemia due to a combination of diabetes and heavy alcohol intake. Two percent had a monogenic cause [35] .
Common small-effect variants in GCKR are associated with small elevations in triglyceride levels in genome-wide association studies and contribute to polygenic susceptibility to severe hypertriglyceridemia [37] [38] [39] [40] . Certain rare large-effect variants in GCKR are seen in some families with severe hypertriglyceridemia [38, 39] , but these patients with type 1 hypolipoproteinemia due to balletic mutations do not behave as typical in LPL, APOC2, APOA5, LMF1, and GPIHBP1.
Four patients with triglyceride levels $2000 mg/dL (22.6 mmol/L) in our cohort had no clear associated conditions to cause very severe hypertriglyceridemia besides excess weight. Of note, none of these patients were genotyped, so they may have a monogenic cause. Because some of these patients were not evaluated in a lipid clinic, they could have conditions such as partial lipodystrophy, a clinical diagnosis dependent on physical examination findings from an experienced health care provider. Alternatively, these patients could possibly be taking undisclosed medications associated with hypertriglyceridemia or may have had an incomplete medical history. In our cohort of patients with very severe hypertriglyceridemia, Hispanics were the most represented ethnicity/race (79%). Hispanic individuals are known to have more hypertriglyceridemia than people of other races/ethnicities [2, 21, 41] . In NHANES, for example, 40% of Hispanic men and 35% of Hispanic women had hypertriglyceridemia, the highest prevalence among all racial/ethnic groups. In addition, in children with very severe hypertriglyceridemia [36] , the most common race/ethnicity was Hispanic (28%) followed by white (17%).
It is worth noting that only three patients were reported to have an eruptive xanthoma (or xanthomata), which is commonly reported in patients with very severe hypertriglyceridemia. This may be due to a lack of awareness of this clinical finding, or perhaps the actual prevalence is lower than previously described.
Predicting which patients with very severe hypertriglyceridemia will develop acute pancreatitis remains difficult. Our logistic regression model identified serum triglyceride level as the only important risk factor, similar to prior reports [25, 42] . For example, Murphy et al. [43] reported that risk of acute pancreatitis increased by 4% for every 100-mg/dL increase in serum triglyceride concentration. They also reported a multivariate hazard ratio of 3.20 (1.99 to 5.16) for first pancreatitis hospitalization among individuals with triglyceride levels .500 mg/dL.
One prior report found that among patients with serum triglyceride levels .1500 mg/dL, fewer than 10% saw a lipid specialist [25] . Their findings, together with our observation that only 15% of similar patients were seen in specialty lipid clinics, identifies a gap in the care of patients with very severe hypertriglyceridemia: few get access to experienced health care providers. Possible barriers to follow-up or to obtaining specialist care include cost of care, lack of insurance coverage, long clinic wait times, difficulty scheduling appointments, effects of other medical or physical comorbidities, difficulties related to medical interpretation, being part of a minority ethnic population, and lack of knowledge within a patient population about the existence of lipid specialists [44] [45] [46] [47] [48] [49] .
Underutilization of triglyceride-lowering agents is also a major issue, with prior publications reporting few treated patients. In the NHANES, fewer than 2% of patients with triglyceride levels .1000 mg/dL were taking any triglyceride-lowering drugs [2] . In US claims databases, fibrates were taken by 35% and fish oils by 8% of patients with triglyceride levels .1500 mg/dL [25] . At least one report found a benefit of being seen in a lipid specialty clinic: fibrate use increased from 24% to 84% [33] .
Future efforts should focus on identifying and treating very severe hypertriglyceridemia before patients develop acute pancreatitis. Awareness of associated secondary conditions, referrals to specialty lipid clinics, and increased use of triglyceride-lowering medications may all improve outcomes. Patients with serum triglyceride levels .1500 mg/dL have an associated 300% increase in all-cause costs [25, [50] [51] [52] ; therefore, managing very severe hypertriglyceridemia more aggressively and preventing acute pancreatitis may generate cost savings [25] .
Our study had a few limitations. It was performed in a single health care system, although that health care system serves a large multiethnic community. Our sample was retrospective, based on medical record review, and dependent on appropriate documentation by providers. It included a relatively small sample over a 1-year period. We may be missing follow-up data, as patients may have had follow-up visits in different institutions, clinics, or hospitals. Because our laboratory did not measure the actual triglyceride levels in subjects with serum triglyceride values .4425mg/dL (n 5 26), the relationship between triglyceride levels .4425 mg/dL (the limit of detection for the laboratory) and clinical findings could not be fully evaluated. Our data did not allow determination of whether the indigent nature of our patient population was relevant to our findings; such patients may have limited access to health care professionals and thus present to providers only when their condition(s) reach an extreme level. Finally, because the ethnic/racial distribution varies across the United States, our findings may not be completely generalizable.
In conclusion, uncontrolled diabetes mellitus was the major condition associated with very severe hypertriglyceridemia. Unfortunately, few of these patients had appropriate treatment and follow-up, so it remains unclear whether very severe hypertriglyceridemia resolved after achievement of glycemic control. Future efforts are warranted to improve care for this group of patients, who are at the highest risk for potentially life-threatening acute pancreatitis.
